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REDUCED ANTIGENIC CELLS AND USES THEREFOR 



10 

BACKGROUND OF THE INVENTION 

Cross-reference to Related Application 
15 This non-provisional patent application claims benefit 

of provisional patent application U.S. Serial number 60/060,235, 
filed September 26, 1997, now abandoned. 

Field of the Invention 
20 The present invention relates generally to the fields of 

molecular biology and erythrocyte biochemistry. More 
specifically, the present invention relates to reduced antigenic 
cells and uses therefor. 

25 Description of the Related Art 

Many polymorphic blood group antigens are expressed 
on the surface of human red blood cells (Issitt 1985; Mollison, 
Engelfriet, and Contreras 1987). These include the well-known 
ABO type and Rh antigen (also termed D antigen) as well as many 

1 
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other less familiar antigens. As a consequence of the antigenic 
diversity of red cells, it is not possible to transfuse blood that is 
antigenically identical with a recipient, unless blood is provided 
by autologous donation or by an identical twin. Recipients of 
5 multiple transfusions develop antibodies against the nonself 
antigens on red cells. 

Alloimmunization also can occur during pregnancy if 
there is fetal-maternal exchange of blood. As antibodies to other 
individuals' red cell antigens develop, it becomes progressively 

10 harder to provide compatible blood and to avoid transfusion 
reactions. Transfusion of compatible blood also becomes 
impossible in patients with autoimmune disorders who produce 
antibodies against antigens of their own red blood cells. The red 
cells in individuals with autoimmune disorders and any 

15 transfused red cells are destroyed, producing an autoimmune 
hemolytic anemia which can be fatal in severe cases. 

The prior art is deficient in the lack of effective means 
of producing red cells that are compatible with all recipients and 
reduced antigenic cells and uses therefor. The present invention 

20 fulfills this longstanding need and desire in the art. 

SUMMARY OF THE INVENTION 

Cell antigens, such as red cell antigens can be masked 
25 with a nonantigenic polymer, polyethylene glycol (PEG), as a 
means of producing red cells are compatible with all recipients, 
including those with multiple alloantibodies or autoantibodies to 
red cells. In previous studies, the technique of covalent coupling 
polyethylene glycol (PEG) derivatives to the surface of red cells as 
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a means of covering blood group antigens and producing cells that 
could serve as universal donor cells for transfusion was described. 
Effective blockade of red cell antigens was achieved with activated 
esters of polyethylene glycol. 
5 The present invention involves a second generation 

technique which is an improved procedure in which multiple 
layers of polyethylene glycol-albumin copolymers are generated 
instead of single layer of individual polyethylene glycol polymer 
on red cell surface. This new technique showed less red cell 

10 damage and was much more efficient in blocking red cell an tig en - 
antibody reactions. ^The mouse red cell survival studies showed 
normal 27 days red cell life span similar to untreated mouse red 
cells. This new technique offer potential for universal donor red 
cells for blood transfusion. 

15 In one embodiment of the present invention, there is 

provided a composition of matter, comprising a red blood cell 
coated a polymeric mixture of polyethylene glycol and albumin. 

In yet another embodiment of the present invention, 
. there is provided a method of blocking blood group antigens on 

20 the surface of a red blood cell, comprising the step of contacting 
said cell with a pharmacologically effective concentration of the 
composition of the present invention. 

In yet another embodiment of the present invention, 
there is provided a composition of matter, comprising a cell coated 

25 with a cross-linked or branched polyethylene glycol and a protein. 

Other and further aspects, features, and advantages of 
the present invention will be apparent from the following 
description of the presently preferred embodiments of the 
invention given for the purpose of disclosure. 

3 
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BRIEF DESCRIPTION OF THE DRAWINGS 

So that the matter in which the above-recited features, 
advantages and objects of the invention, as well as others which 
5 will become clear, are attained and can be understood in detail, 
more particular descriptions of the invention briefly summarized 
above may be had by reference to certain embodiments thereof 
which are illustrated in the appended drawings. These drawings 
form a part of the specification. It is noted, however, that the 
10 appended drawings illustrate preferred embodiments of the 
invention and therefore are not considered limiting in their scope. 

Figure 1 shows the polyethylene glycol-albumin 
polymers treated mice red blood cells have the same survival over 
27 days. 

15 Figure 2 shows the polyethylene glycol treated mouse 

red blood cells only had a 3 day life span. In contrast, untreated 
red blood cells had a 27 day life span. 

Figure 3 shows the red cell survival over 27 days in 
mice red blood cells treated with the polyethylene glycol-albumin 

20 polymers after the red cells were treated in AS-5 additive solution 
for 7 days. Figure 3 shows the 40% of control untreated mice red 
blood cells and 60% of the red cell was rapidly cleared within one 
day. These represent a fraction of damaged red cells after one 
week storage in AS-5 additive solution that was rapidly cleared. 

25 AS-5 additive solution is designed to preserve human red blood 
cells and may not be optimal for mice red blood cells. The 
remaining red blood cells after one day transfusion showed 
similar survival curve when compared to untreated red blood 
cells. 
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Figure 4 shows the data shown in Figure 3 except 
survival is shown as a percentage of cells present at one day 
transfusion (ld=100%). 

Figure 5 shows the red cell morphology after 
polyethylene glycol-albumin copolymers treatment of human red 
blood cells in a wet preparation in normal saline (x700). The 
bottom panel shows control untreated human red blood cells 

DETAILED DESCRIPTION OF THE INVENTION 

In the present invention, coupling of an inert polymer 
to the surface of red cells was examined as a means of covering 
blood group antigens and producing cells that could serve as 
universal donor cells for transfusion. Effective blockade of red 
blood cell antigens was achieved with N-hydroxysuccinimide- 
activated esters of polyethylene glycol. It was possible to block all 
antigens tested, but lower concentrations of reactants were 
required to block peptide-defined antigens than carbohydrate- 
defined antigens. Red cells remained intact after modification but 
were significantly damaged. The present invention demonstrates 
the feasibility of antigenic blockade of red cells and that damage 
can be reduced during coupling reactions to produce viable red 
cells. 

The present invention is directed to a composition of 
matter, comprising a red blood cell coated with' an inert, 
nonantigenic polymer. Preferably, the polymer is a N- 
hydroxysuccinimide-activated esters of polyethylene glycol. 
The polymer may be a bis(propionyl-N-hydroxysuccinimide)- 
polyethylene glycol. Alternatively, the polymer is propionyl-N- 
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hydroxysuccinimide-methoxypolyethylene glycol with a molecular 
weight of 5,000. Preferably, the red blood cell coated with an 
inert, nonantigenic polymer has been treated with a concentration 
of from about 1% of the polymer. 
5 The present invention is also directed to a method of 

blocking blood group antigens on the surface of a red blood cell, 
comprising the step of contacting said cell with a 
pharmacologically effective concentration of the composition of 
the present invention. Preferably, the blocking of the blood group 

10 antigens ' on the surface of the cell significantly reduces the 
antigenicity of such red blood cells when administered co an 
individual in need of such treatment. Preferably, the polymer is a 
N-hydroxysuccinimide-activated esters of polyethylene glycol. 
The polymer may be a bis(propionyl-N-hydroxysuccinimide)- 

15 polyethylene glycol. Alternatively, the polymer is propionyl-N- 
hydroxysuccinimide-methoxypolyethylene glycol with a molecular 
weight of 5,000. Preferably, the red blood cell coated with an 
inert, nonantigenic polymer has been treated with a concentration 
. of about 1% of the polymer. 

20 Many polymorphic blood group antigens are expressed 

on the surface of human red blood cells (Issitt 1985; Mollison, 
Engelfriet, and Contreras 1987). These include the well-known 
ABO type and Rh antigen (also termed D antigen) as well as many 
other less familiar antigens. As a consequence of the antigenic 

25 diversity of red cells, it is not possible to transfuse blood that is 
antigenically identical with a recipient, unless blood is provided 
by autologous donation or by an identical twin. Recipients of 
multiple transfusions develop antibodies against the nonself 
antigens on red cells. Alloimmunization also can occur during 
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pregnancy if there is fetal-maternal exchange of blood. As 
antibodies to other individuals 1 red cell antigens develop it 
becomes progressively harder to provide compatible blood and to 
avoid transfusion reactions. Transfusion of compatible blood also 
5 becomes impossible in patients with autoimmune disorders who 
produce antibodies against antigens of their own red blood cells. 
Their own red cells and any transfused red cells are destroyed, 
producing an autoimmune hemolytic anemia which can be fatal in 
severe cases. It is also important to note that not all antigens 

10 need to be blocked on each ceil for the present compositions to 
have utility. For example, one may only block Rh determinant on 
cells which could be useful for autoimmune hemolytic problems. 

The masking of red cell antigens with a nonantigenic 
polymer, polyethylene glycol (PEG), as a means of producing red 

15 cells compatible with all recipients, including those with multiple 
alloantibodies or autoantibodies to red cells is shown herein. The 
first generation technique which conjugated polyethylene glycol 
polymer to the red cell surface to decrease red cell agglutination 
. showed only partial blockage of red cell antigen-antibody reaction 

20 and moderate damage of red cell membrane. Significant reduction 
in red cell damage resulted from use of a group of polyethylene 
glycol reagents that were of higher molecular weight. However, 
blockade of antigens were still incomplete. 

The present invention shows the development of a 

25 second generation improved technique which conjugates a small 
amount of polyethylene glycol-albumin copolymers on the red cell 
surface first with subsequent deposition of layer by layer 
polyethylene glycol-albumin copolymers on top of the existing 
polymers on red cell surface. This new technique showed that all 

7 
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of the red cell antibodies could be completely blocked, except ABO 
antibodies which showed very weak microscopic reactions. 
Developing layers of cross-linked PEG-albumin copolymers to 
cover the red cell surface is much thicker and much more efficient 
5 in covering the red cell antigens then polyethylene glycol polymer 
alone. Also, these new polyethylene glycol-albumin copolymers 
have less attached points on red cell surface, therefore causing 
less damage to the red cells. This technique can be used to create 
universal donor red cells for blood transfusion, since it showed 

10 efficient ' blockage of red cell antigen-antibody reaction while 
preserving normal red cell morphology and red cell survival. 

Thus, the present invention relates to a composition of 
matter, comprising a red blood cell coated a polymeric mixture of 
polyethylene glycol and albumin. Generally, any protein or 

15 compound containing multiple reaction sites with activated esters 
which form a cross-linked matrix can be used to create the 
universal donor blood cells of the present invention. Preferably, 
the concentration of the polyethylene glycol is from about 0.5% to 
about 1:0%. In addition, the preferable concentration of the 

20 albumin is from about 1.25% to about 2.5%. Representative 

examples of suitable albumin formulations include Albumarc™ 5% 

from the American Red Cross Blood Services and Albutein® 5% 
from the Alpha Therapeutic Corporation. Preferably, the cell is 
coated with the polymeric mixture during one single reaction 
25 although multiple treatments could be applied. 

The present invention relates to a method of blocking 
blood group antigens on the surface of a red blood cell, comprising 
the step of contacting said cell with a pharmacologically effective 
concentration of the composition disclosed herein. Preferably, the 

8 



WO 99/16318 



PCT/US98/19972 



concentration of the polyethylene glycol is from about 0.5% to 
about 1.0%. In addition, the preferable concentration of the 
albumin is from about 1.25% to about 2.5%. Representative 

examples of suitable albumin formulations include Albumarc™ 5% 
5 from the American Red Cross Blood Services and Albutein® 5% 
from the Alpha Therapeutic Corporation. Preferably, the cell is 
coated with a polymeric mixture one time so as to allow the 
interactive polyethylene glycol and albumin copolymer to develop 
thicker and thicker polymers on the red cell surface. This 
10 procedure can be repeated if necessary. 

The following examples are given for the purpose of 
illustrating various embodiments of the invention and are not 
meant to limit the present invention in any fashion. 

15 EXAMPLE 1 

Materials and methods 

Polyethylene glycol (PEG) derivatives were purchased 
from Shearwater Polymers (Huntsville, AL). Red blood cells were 

20 obtained from segments attached to units of donor red blood cells. 
Imucor (Norcross, GA) was the source of monoclonal/polyclonal 
anti-human globulin, antibodies to human red cell antigens. Fresh 
porcine blood was obtained from the Animal Care Facility. Lectins 
were purchased from Gamma Biologicals (Houston, TX). Red blood 

25 cell bound antibody was measured by the UAB Immunecytopenia 
Laboratory using an immunoassay as previously described by 
LoBuglio et al (1983). Agglutination reactions of red cells were 
assayed by standard tube techniques as described by the 
Technical Manual for blood banks (Walker et al., 1990). 
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Quantitative estimates of the strength of agglutination reactions 
after serial dilution of the agglutinating serum. Strength of 
agglutination is expressed as a titer scores which relates to the 
inverse of the dilution yielding agglutination. 
5 Coupling of activated polyethylene glycols to red blood 

cells was conducted in 140 mM NaCl, 20 mM N-[2- 
hydroxyethyl)piperazine-N'[2-ethanesulfonic acid] (HEPES) 

adjusted to pH 8.0. A 5% suspension of red blood cells was mixed 

at 4°C with activated polyethylene glycol derivatives added to 

10 varying percentages by weight. Incubations were at 4°C 
overnight. Cells were washed in a centrifugal cell washer before 
any analysis. 

EXAMPLE 2 

15 Results 

Incubation of red cells overnight with the bifunctional 
activated polyethylene glycol derivative, bis(propionyl-N- 
hydroxysuccinimide)-polyethylene glycol of 3,400 daltons 
progressively blocked agglutination reactions by antibodies to 

20 blood group antigens such as A, A'B, and D antigens as the 
concentration of reagent was increased (TABLE I). The D antigen, 
which is one of the polypeptide-defined determinants of the Rh 
system, was blocked at a lower concentration than required for 
antigenic determinants defined by carbohydrate groups, e.g., the 

25 very high concentration of reagent required to block the A and 
A'B antigens. It was difficult to achieve 100% blockade of 
agglutination against these high abundance, carbohydrate-defined 
blood group antigens. Preferential blockade of polypeptide- 
defined antigens is not surprising considering the preferential 

1 0 



WO 99/1 6318 



PCT/US98/19972 



reactivity of the active carboxy esters with amino rather than 
hydroxyl groups (Zalipsky and Lee 1992). Polypeptides may be 
preferred sites of covalent coupling of the activated polyethylene 
glycols on the surface of red cells. 

5 

TABLE I 



Blockade of blood group antigens by coupling with bisf propionyl- 
N- hydroxvsuccinimideVpolyethvIene glycol of 3.400 daltons 
Titer Scores for Agglutination of Red Cells 
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Agglutination reactions of polyethylene glycol-modified red 
cells bearing the A, A'B, and D antigens with serial dilutions of 
antisera versus the respective antigens were examined. 



20 

EXAMPLE 3 

It was expected that use of a reagent with a large 
molecular size would prevent entry of the reagent into cells and 
25 would minimize modification or damage to internal components of 
cells. There was a limited amount of hemolysis of cells, and there 
was little change in the size distribution of red cells when 
analyzed with an electronic hematology analyzer. However, cells 
did undergo some damage as evident by more irregular shapes 

1 1 
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microscopically (not shown). Also, breakdown of the red cell 
membrane as a permeability barrier was suggested by lack of 
lysis of modified red cells by hypotonic solutions. 

Agglutination reactions are an imperfect means of 
5 assessing antigenic blockade as agglutination reactions may be 
influenced by factors such as changes in surface charge of red cells 
or shape of cells. For this reason, an independent means of 
measuring the blockade of a red cell antigen was employed. Red 
cells expressing the D antigen were modified by coupling with the 

10 Afunctional polyethylene glycol derivative. Modified cells and 
control cells were then incubated with antibody to the D antigen, 
and the amount of cell-bound antibody was measured by 
immunoassay. This analysis shown in TABLE II indicated a 
complete blockade (more than 99%) of antibody binding to the D 

15 antigen. 

TABLE II 

Blockade of D antigen by coupling of bisf propionyl-N- 
hydroxvsuccinimide)-polvethylene glycol to red cells. 
20 Red Cell Tvpe Molecules lgG/Cell 

A, Rh Negative 3 96 

(negative control) 

A, Rh Positive 11,233 
(positive control) 
25 A, Rh Positive, 40 7 

polyethylene glvcol-modified . 

Cells were incubated with antibody to D antigen and antibody 
molecules bound measured by immunoassay. Rh negative cells 
lack D antigen and serve as a negative control. 

1 2 
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EXAMPLE 4 

Blockade of a variety of other antigens by attachment 
of polyethylene glycol to red cells was examined (TABLE III). 
Agglutination by antibodies to antigens of the Duffy (Fy), Kidd 
5 (Jk), Lewis (Le), and Rh groups (D) were inhibited as well as 
agglutination reactions by the lectins from Dolichos bylorous and 
Ulex europaens. These results indicate a generalized blockade of 
red cell antigens. The antigens most resistant to blockade by red 
cell modifications with polyethylene glycol have been the A and B 
10 antigens/' which probably reflects their high abundance, peripheral 
location, and carbohydrate nature (Walker, 1990). 

TABLE III 

Blockade of red cell antigens by coupling of bisfpropionyl-N- 
1 5 hvdroxvsuccinimide)-polvethylene glycol 

Agglutination Reaction 
Anfibodv/Lectin Untreated Cells PEG-Red cells 

Type A | , Rh+ cells treated with 5 % PEG derivative 



Anti-D 4+ 0 

20 Anti-Fy b 1+ 0 

Anti-Jk a 2+ weak + 

Anti-Le b 2+ 0 

Dolichos biflorous 4+ 0 

Ulex europaeus 4+ 0 

25 Type A ^ B cells treated with 25 % PEG derivative 

Anti-B 4+ 1 + 

Anti~Jkb 1+ 0 

Anti-Leb 3+ 0 



1 3 



WO 99/16318 



PCT/US98/19972 



EXAMPLE 5 



Human serum has naturally-occurring antibodies to 
red cells of many species, such that xenotransfusion of red cells 
5 results in rapid agglutination or lysis of the cells by complement 
fixation. Blockade of porcine red cells by coupling of a 
polyethylene glycol derivative was examined as compatibility 
with human serum. Both agglutination and hemolytic actions of 
human serum were blocked by the modification of porcine red 
10 cells with polyethylene glycol. 

TABLE IV 

Blockade of porcine red cell antigens - by propionvl-N- 
hydroxvsuccinimide-methoxypolyethylene glycol (MW: 5,000) 
15 %PEG Agglutination Hemolysis 

0 4+ Moderate 

5% 3+ Slight 

10% 0 None 

20% 0 None 

20 30% 0 None 

40% 0 None 

50% Q None 

Modified porcine red cells were mixed with human serum 
and agglutination and lysis reactions were assessed. 



25 



EXAMPLE 6 



Polyethylene glycol derivatives were purchased from 
Shearwater Polymers (Huntsville, AL). The 5% human albumin 

14 
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was purchased from American Red Cross Blood Services. Red cells 
were obtained from segments attached to units of donor red cells. 
Immucor (Norcross, GA) was the source of monoclonal/polyclonal 
anti-human globulin, antibodies to human red cell antigens. 
5 Agglutination reactions of red cells were assayed by standard tube 
techniques as described by the Technical Manual of for Blood 
Banks (Walker et al 1994). 

Coupling of activated polyethylene glycols to red cells 
was conducted in 140 mM NaCl, 20 mM N-[2- 

1 0 hydroxyethy l)piperazine-N'[2-ethanesulfonic acid] (Hepes 

solution) adjusted to pH 9.0. Activated refers to polyethylene 
glycol which has chemically reactive esters attached. A 5% human 
albumin was mixed at room temperature with activated branched 
polyethylene glycol derivatives such as 4 arm branched 

15 succinimidyl derivative of PEG propionic acid (SPA-PEG) or specific 
product thereof- 4 arm propionyl-N-hydroxysuccinimide- 
methoxypolyethylene glycol MW 10,000) for one minute and then 
mixed with 5% suspension of red cells for 20 minutes and then 
fresh Hepes solution was added for developing polyethylene 

20 glycol-albumin copolymer layers for another 25 minutes. Cells 
were washed with PBS, pH 7.0 in a centrifugal cell washer before 
any analysis. The red cell survival studies using PKH-2 
fluorescent dye technique as described by Read et al. in 
Transfusion Journal 31(6): 502-508, 1991. 

25 

EXAMPLE 7 

Hemagglutination tests 

TABLE V shows that polyethylene glycol-albumin 
copolymers completely blocked all red cell antigen-antibody 
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reactions except very weak microscopic agglutination with anti-A, 
anti-B and anti-A'B antibodies. Testing with polyclonal auto- 
antibodies such as anti-K, anti-FyA, anti-FyB, anti-JkA, anti-JkB, 
anti-S, anti-s and other Rh antibodies, showed same results as 
5 above which indicated a complete block of antigen-antibody 
reaction. Testing with anti-B and anti-A'B showed same result as 
above, negative on IS and 30'RT but micro + on anti-IgG phase. 



TABLE V 

10 

Testing with polyclonal anti-D: 

IS 15'37C anti-IgG 
A+ untreated (control) 4+ 

A+ PEG-Alburain treated 0 0 0 
15 A- untreated (control) 0 0 0 
A- PEG-Albumin treated 0 0 0 

Testing with human polyclonal anti-A : 

30'37°C 

20 IS 30'RTanti-IgG Titer at RT 

A- untreated (control) 4+ 4+ 4+ 128 
A-PEG-Alhum. treated 0 0 micro + 

Testing with monoclonal anti-A : 
25 IS 30'RT 
A- untreated (control) 4+ 4+ 
A- PEG-Albumin treated Q micro + 



30 
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EXAMPLE 7 

Red cell survival studies 

The red cell survival studies showed polyethylene 
glycol-albumin treated mouse red blood cells have the same 2 7 
5 days life span compared with untreated red blood cells (Figure 1). 
In contrast, polyethylene glycol treated mouse red blood cells only 
have 3 days life span (Figure 2). Polyethylene glycol-albumin 
treated mouse red blood cells (in AS- 5 additive solution, a solution 
containing dextrose, mannitol, adenine and sodium chloride that is 
10 use to preserve human red blood cells so that such cells can be 

stored for long periods of time) was stored in 4°C refrigerator for 
one week. When transfused back into mouse, there was a loss of. 
60% of transfused red blood cells in first day and the remaining 
red cells had a 24 day life span. The untreated control mouse red 

15 cells showed loss of 40% of transfused red blood cells in first day 
and the remaining red cells have 27 days life span (Figures 3 and 
4). The AS-5 additive was not the optimal additive solution . for 
mouse red cells, as it showed immediate large red cell destruction 
on both treated and untreated mouse red cells and a slight 

20 decrease of remaining red cell survival on polyethylene glycol- 
albumin treated compare with untreated mouse red cells. 

EXAMPLE 8 

Morphology of red blood cells 
25 Figure 5 shows that both polyethylene glycol-albumin 

treated and untreated control human red blood cells showed 
normal red cell morphology in microscopic examination. The 
present invention showed that polyethylene glycol-albumin 
polymers are more efficient than polyethylene glycol polymer in 

1 7 
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covering the antigen sites on red cell surface to prevent antibodies 
reaction. Polyethylene glycol polymer is a single layer coated on 
the red cell surface, with space between each polymer which allow 
allows the antibody to reach the antigens. In contrast, the 
5 polyethylene glycol-albumin copolymers are multiple layers and 
have sheet-like structures due to cross-linked or branched 
polyethylene glycol and albumin polymers. These sheet-like 
structures prevent the antibody from reaching the antigens with 
the exception of ABO antibodies as ABO antigens are far extended 

10 out from'' the surface. The polyethylene glycol-albumin copolymer 
had more efficient coverage on red cell surface and have less 
attached points on red cell surface which showed normal red cell 
morphology and red cell survival studies indicating very minimal 
damage to the red cell surface. The polyethylene glycol-albumin 

15 copolymers exhibit high potential as universal donor red cells for 
blood transfusion. 

Thus, the present invention provides a composition of 
matter, comprising a red blood cell coated with a cross-linked or 
branched polyethylene glycol and albumin. Generally, any 

20 branched polyethylene glycol should be useful in creating the 
present compositions. Preferably, "arm" polyethylene glycols 
which has multiple molecules connnected together with multiple 
actives sites are preferred. For example, 4 arm refers to 1 PEG of 
a MW of about 3400-5000; 4 arm refers to 4 PEG molecules of 

25 about 15,000-20000 MW. Four PEGs connected together would 
have therefore 4 active sites. 

Generally, the concentration of the polyethylene glycol 
is from about 0.5% to about 1% and the concentration of the 
albumin is from about 1.25% to about 10%. In a preferred form, 
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the albumin is human albumin. In another aspect, the present 
invention can provide a white blood cell coated with cross-linked 
mixture of branched polyethylene glycol and albumin so as to 
block the antigen sites on such a cell. For all of the compositions 
5 described herein, albumin may be preferred but other similar 
proteins could easily be used, e.g., fibrinogen. 

Generally, in making the compositions described 
herein, the polyethylene glycol is mixed with the albumin to form 
a copolymer. Subsequently, the cells such as red blood cells are 

18 added. 'Over a short period of time, such as 20 minutes, the 
copolymer attaches to the red blood cell blocking the antigen sites. 
The cell is coated with polymeric mixture at least one time. 

The present invention also provides a method of 
blocking blood group antigens on the surface of a red blood cell, 

15 comprising the step of contacting said cell with a 
pharmacologically effective concentration of the composition 
described herein. The present invention is also directed to a 
composition of matter, comprising a red blood cell coated with a 
cross-linked or branched polyethylene glycol and branched 

20 polyethylene glycol amine. The present invention is also directed 
to a composition of matter, comprising a red blood cell coated with 
a cross-linked or branched polyethylene glycol and an albumin- 
like compound, wherein said compound contains multiple reaction 
sites which form a cross-linked matrix with activated esters of 

25 polyethylene glycol. 

The present invention is further directed to a 
composition of matter, comprising a cell coated with a cross-linked 
or branched polyethylene glycol and a protein. Preferably, the 
cell is a red or white blood cell but could be any cell type. In one 

1 9 
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embodiment, the protein is albumin but could be any protein 
contains multiple reaction sites which form a cross-linked matrix 
with of polyethylene glycol. In a preferred embodiment, the 
polyethylene glycol is a branched polyethylene glycol. 

5 

EXAMPLE 9 



Different kinds of branched amino-PEG (4 arm 
branched amino-PEG m.w. 10,000 and 2 arm branched amino-PEG 

10 m.w. 3,4'bO obtained from Shearwater) were also used to replace 
albumin. This data supports that any protein or compound 
containing multiple reaction sites with activated esters which form 
across-linked matrix -equivalent substitutes for albumin can be 
used to create the universal donor blood cells of the present 

15 invention. Table I showed no differences using albumin or amino- 
PEG to conjugate with PEG to red blood cells to block antigen- 
antibody reactions. 

TABLE VI 

20 Testing with Monoclonal anti-D : 

IS 15'37°C anti-IeG 
A+ untreated (control) 4+ 4+ 4+ 

A-PEG-Albumin treated 0 0 0 

A+ PEG-2 branched amino-PEG treated 0 0 0 

25 A+ PEG-4 branched amino-PEG treated 0 0 0 

A- untreated (control! Q 0 Q; 

Testing with polyclonal allo-antibodies (anti-FyA, anti-FyB, anti- 
JkA, anti-JkB, anti-K, anti-S, anti-s) showed the same results as 
above, indicating a complete block of antigen-antibody reaction 
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TABLE VII 

Testing with human polyclonal anti-A : 



A-untreated (control) 

A-PEG- Albumin treated 

A+ PEG-2 branched 
amino-PEG treated 

A+ PEG-4 branched 
amino-PEG treated 



IS 30'RT 

4+ 4+ 

0 0 

0 0 

0 0 



30 , 37°C Titer at 
anti-IgG RT 
4+ 128 

0 (micro +) 

0 (micro +) 

0 (micro +) 



Testing with anti-B and anti-A'B showed the same results as 
above, negative on IS and 30'RT, but microscopic + on anti-IgG 
phase. 

In another study, human lymphocytes were treated 
with PEG-albumin copolymer as the same method used for red 
blood cells and then lymphocyte antigens (HLA antigens) were 
tested using standard microlymphocytotoxicity typing methods on 
pre- and post-treated lymphocyte suspension. The results are 
shown in Table VIII. 
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TABLE VIII 
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25 * Lymphocytes treated with PEG-albumin copolymer and incubated in 
RPMIfor 10 d. ** Lymphocytes (HLA typing: All, A24, B 62, BW4 & 
BW6) treated with PEG-albumin copolymer. ***Score 1 and 2 = 
negative reaction; 4=weak reaction; 6=moderate reaction; 8=strong 
reaction 
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The results contained in Tables VI, VII and VIII show 
that the PEG-albumin copolymer conjugated to lymphocyte 
surfaces could block or decrease exposure of antigens to most HLA 
antibodies. This blocking effect can continue at least 10 days. 
5 These results support that this method can not only block red cell 
surface antigens, but also block other cell's surface antigens from 
reacting to various antibodies. 
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specification are indicative of the levels of those skilled in the art 
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One skilled in the art will readily appreciate that the 
present invention is well adapted to carry out the objects and 
obtain the ends and advantages mentioned, as well as those 
20 inherent therein. The present examples along with the methods, 
procedures, treatments, molecules, and specific compounds 
described herein are presently representative of preferred 
embodiments, are exemplary, and are not intended as limitations 
on the scope of the invention. Changes therein and other uses will 
25 occur to those skilled in the art which are encompassed within the 
spirit of the invention as defined by the scope of the claims. 
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WHAT IS CLAIMED IS: 

1 . A composition of matter, comprising a red blood 
cell coated with a cross-linked or branched polyethylene glycol 

5 and albumin. 

2. The composition of claim 1, wherein said 
branched polyethylene glycol is an arm polyethylene glycol. 

10 

3. The composition of claim 2, wherein said arm 
polyethylene glycol is a 4 arm polyethylene glycol. 

15 4. The composition of claim 3, wherein said arm 

polyethylene glycol is 4 arm propionyl-N-hydroxysuccinimide- 
methoxypolyethylene glycol. 

20 5. The composition of claim 1, wherein the 

concentration of said polyethylene glycol is from about 0.5% to 
about 1%. 

6. The composition of claim 1, wherein the 
25 concentration of said albumin is from about 1.25% to about 10%. 

7. The composition of claim 1, wherein said 
albumin is human albumin, 

25 
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8 The composition of claim 1, wherein the cell is 
coated with polymeric mixture at least one time. 

9. A method of blocking blood group antigens on 
5 the surface of a red blood cell, comprising the step of contacting 

said cell with a pharmacologically effective concentration of the 
composition of claim 1. 

10. The method of claim 9, wherein the 
10 concentration of said polyethylene glycol is from about 0.5% to 

about 1%, 

11. The method of claim 9, wherein the 
concentration of said albumin is from about 1.25% to about 10%. 

15 

12. The method of claim 9, wherein said albumin is 
human albumin. 

13. A composition of matter, comprising a red blood 
20 cell coated with a cross-linked or branched polyethylene glycol 

and branched polyethylene glycol amine. 

14. A composition of matter, comprising a red blood 
25 cell coated with a cross-linked or branched polyethylene glycol 

and an albumin-like compound, wherein said compound contains 
multiple reaction sites which form a cross-linked matrix with 
activated esters of polyethylene glycol. 
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15. A composition of matter, comprising a cell coated 
with a cross-linked or branched polyethylene glycol and a protein. 

16. The composition of claim 15, wherein said cell is 
a red blood cell. 

17. The composition of claim 15, wherein said 
protein is albumin. 

18. The composition of claim 15, wherein said 
polyethylene glycol is a branched polyethylene glycol. 

19. The composition of claim 15, wherein . said 
protein contains multiple reaction sites which form a cross-linked 
matrix with of polyethylene glycol. 



27 



WO 99/16318 PCT/US98/19972 




1/5 



SUBSTITUTE SHEET (RULE 25) 



fez Tinu) 133HS 3JLnu±ssns 




ct661/86Sfl/XOd 



8IE9I/66 0/W 



\ 



(92 j\m) I33HS Bininsans 

g/s 

9 aanoid 





i 



ZLMW6S(\JIDd 



8I£9t/66 OM 



♦(2661 *infX*«qs poooss) oiZ/VSI/XDd «"oj 





€K6-80C (eOl) OK auoqdapx 
>Jj\ AaJXad d U IVNUa 

. jaoiyo pazuoqwv 


s^fitaupux pm s|D9|b j }0 JMtotssnmooQ 
Sn/VSI 9t P J° ssajppo 8oi|ivai pOB ocav)^ 


8661 030 6 Z 

yodaj qajcas |BuotiBUi3iui aqj jo 8uit;viu jo »jbq 


oOOt aaafilAUn r C 

qaiBss p»aoq«iU9iai 9tf) jo ooq»|daioo pnpB oqj jo oj»q 


X|iunj mated turn aqi jo jaqiuau itiaamaop ,v, 

yi etp ut ptjfi^t uouad t oi cnoiAqo Smaq 
uowuiqaioo qom 'imsumaop tpm jotpo ajotn io euo iptA patnqmoo 
ii juaumocp aqi uoq* daji »aiw«*ui in oajoaui oi paiapituoa 
aq ynnnro aonu»Atn paunsp aip '.»3U»a»ioj iwpt3iy«d jo |u»umaop .A. 

ouoji i»3fn n uiaumaop aqi ooq* 
dojt 9At)H0Aoi os oa|oaut oj pajapituoa eq wuuto jo |»aou pajoptruoa 
aq )ouuvo uotiu»Atn pattnsp oqi :w«aoi»J iijnonrtd jo juoumoop .X. 

uonuoAm «p 9tnX|ioptm Ajoatp jo afdisuud atp 
pusjuopun oi poya mq uoi»tot|ddt aqi ipi* wnjooo in ton put ojap 
Xiuoud so awp Stnpj ituonaurojui aip J?yi panniqnd itioumoop iajtj # X« 


uatp itriB] mq sitp f mpj |«uon«uiaiui atp ot joud p«n«|Otul u»am&op .d. 

jatpo jo uotiiqtqito 'am *ajnto(3fip |uo ni 01 tounjaj toaastaop ,0. 

(pMji3*di ta) ooaau |«>o*da 
jaqv> jo uoimta jaqiooa jo *»*p oonsatiqod *q) qti|qm;»» o» p*v» 
ci qatqM Jo («)an*|a Ajuoud oo ttqnop Mitfi Xan qainm toaamaop .1. 

oivp 9arpj (*uon«Ui«i(n «qi ia\jm xo ao p*qii|q<nd vavamoop jaffivo s g a 

r»c«A»i»J japiofu>d jo oq ot 
pvjopttuoo you n qait( aa va »q) jo «i«|t puaoaS aqi fcmnjap ynamoop .V* 

»)iiaomaop paiia jo aauotans |«oads • 


'XduuB X|!tu«j auajvd oa s ^ x ° a Ja ^P 800 !* 00 * °<P °? P°**!l *»• «o»<D«9op iaqunj |x ] 


6T-tI *IV\ 


'ZZ Pot 4 SI 'Z 

4 T suito P" 15 61 *S\ '01 4 8 Rdurexg 4 0fr-EC '9T uuinfoo 
pire gz 4 EI umnjoo 19 otji uuinjoo 3ui[ 4 6 uuinjoo 
O) 95 sun l 8 uuinjoo ssuij uuin[oa XnBioddsd ^usuinoq) 
ajpra 33S 4 966I M^W 21 (l^ » HdVlSNWO) V TZt*86fr 4 S Sll 


A 


6T-tT % ZV\ 


•ut^ 98Hd g9/,i ^OEijsqy 4 (z jo i jjrj) 
1 'iddns 4 oi *on '88 'l°A 9661 iaquwAON SI *pooig ^uioipoui 
uoiSTysuBJj en suouKJijddB 9[qissod :s\p3 in3i{?iuuieui lowux uo 
sjireuiuuwp om^SpuB jo aSBijnourco jBinDapw ^ "X 'dVHflW 


A 


6l~t>I 


•BI8I ^d *n-9Si lOB^sqv \z J° I ^d) I iddng 
*0I '°N 4 88 "PA 4 966l J^qui^AON si -pooia *shm paj jouop 
lesjsAiun i^puajod sb s\po poi p^BfXSdj-arejjns "IB )d NLLHOH 


A 


on lump en jireAopy 


ssSessBd iuba3|9J 9qi jo 'oiBudoiddiJ ajsqM 4 uoqvoipm qi»M ^aatundop jo uoqtiio 




XMVA313H 38 OX QTOaaiSMOD SXNaWflDOG *0 


s\\9o poojq paj 'sotfooiqiAJO 'uiainq|B *|03iC|8 9u»|AqpK|od :suuai qoiros SISOIS '3SV9W3 'SfVIdVD *3NTia3W 4 SdV 
(pasn SULX3J qaieos *9(qtt3ii9Rjd aaoqM *pUB asBq vjBp jo omeu) qams |ouoqBuwiui oqi 9aunp p9jf nsaoo osvq v}vp 9iuojj99i3 


poqaiB9S spptj 9qj ut popnpui qjb siusuituop qons jBqj )03pca oqi oj uoi)B)U9Uinaop tunuiiuim crcqi jaqio poqanras noqujuauinooQ 


(sjoquiXs uoqtfoijisrBp Xq p9MO]|oj uiajsXs uoqBoijissBp) paqoieo* uoqBjoainnDOp innunmw 


aaHDMvas sanaia *a 


Odl P OT uoijwgwsBp jBuoneu qioq oi jo (odl) uoijB3giss»i3 fvuoqv ai9)Ui oi Suipjoooy 

00/C I C D£03 ^0/C9 MI OV: (9>DdI 

nauLvw joaraas jo noixvouissvid *v 



2I66l/86Sn/XOd 
Ofv{ uoiiBo;iddB |BuoqBOi9)U[ 



XHoaan Hoavas ivwoixvNraaxhn 



*(Z66i *l n fX* a 'H s puooas jo uopwrnnjooo) OlZ/VSI/XOd ""OH 



6\-P\ 


lSI-6tI sa3ed '£661 s^d 
uinusu :j|joj^ ms{^ stxreH uojjijrv "f Xq pai|P3 *suoijB3i|ddv 
fBDipauioig pire reoiutpajoig XijsiuiaqQ (jooXjr) aua|Xq}3)Xio,j 
:uj , ([ooX|r) auaiXip3)X]odXxoi|iauiouow pus suaStjuy jo 
sareSnfuoo Xq sasuodsax Xpoqyuy jo uoissajddng, H'V 'NOH3S 


V 


f 


"I8e-IZ.C sa3«d *266I ssaj d umuau 
:jjjo^ Maj^ sixreji uo *I!W f A< \ P 8 *!PH suoijB3i|ddv poipauioig 
pue reoiuipaioig XijsiuiaiQ (|t»Xi£) aua|Xip3)X|0d :iq ,saAqBAua<3 
(joaXjo aua|Xip3) Xjoj Ava^ jo sisaqjuXs, SIXUVH 


V 


61 

-81 '8 VI 


uinua|j :>jjoa avon sujbh uoijtj^ *f Aq pwpa *suoi*eot|ddv 
jBOipouioig pire jBOimpajoig Aosiuioq;} (jooXjr) 9u9iXip3)A|Oj :iq 
,-XiaAipa SnJa S I*D 0°^lO auojXqig) *I°<L H N *WVHVtf9 


V 




g *| suirejo pue 

'VIIIA ^jdurexg pire y *I a|durexg 4 £9-£S sauij *6 uuinjoo *xtr 
souij > uuinjoo >fr-9£ S9U !I *€ uuinjoo '89-£S » tt !I *I uuinjoo 
*S$-Zt S3U H *I uuinjoo *6£"9£ S9U !I 'l uuinjoo Xjpioddss iiraumoop 
ajpud 93S *886I *snSny £Z * 3 S^IV^) V 90r99Z> Sfl 


A 


61-W 'Zl-I 


s i03d p3H 3UBJ 9 P m 

s .OHd 'suoqBOijdcte ogj jo moiasj joug 'sjouiXjoj jojfcAUBoqs 
o* uouonpoj^uj '8661 'jaquiaAON gj 'uioosjauiAjodMSMMM 

'lUOUIOSUJOAptt 19UJ31UI OUJ 'SJOUlAjOJ JdjeMJBdqS 




61-t-I 'ZI-I 


9£ °* ZZ SSU !I *8 uuinjoo pire *lz °* 81 S9U !I *9 uuinjoo 
*S9 °* frS SSU H uuinjoo *9 ouij > uuinjoo oj 19 ©uij *£ uuinjoo 
4 E3 suij *3 uuinjoo 0% S9 suij *| uuin|oo Xjicpodso juotunoop 
ojuus aos 'Z661 isquxsooa SI (iTTanaw) V WZ*Ul*5 Sfl 


A 


61-P I 'ZI-I 


USZ,-99Si so3cd >6 

"|OA */,66I ^I^f VSfl * I0 S 'P TO V I^N * 00J <I "soiXooiipAio ipjBOis 
:siUBuiuusjap oiuoSuub jo o8*ijnoureo jboiuioio *p »o HODS 


A 


ui;b|9 O) juBAsp-y 






XNVA3H3^ 38 Ol aSHSQISNOO SXK3WnOOa -(uoijBnuijnoo) o 



^66l/86Sn/XDd 
Of^ uoncoijddu (BUotiBUJOjq 



XHOd3H HDHV3S IVWOIXVfraaJJ^I 



*(Z661 A|nfX(l)iwqs Jsjij jo uoqBnuqaoo) oiZ/VSI/lDd «uoj 



S33J l|3JB9S pUOIJIppB JO lOaUlXttd 910 paiUBdlU033B |Sa)Ojd j [ 

■jsaiojd s,)U99t|dde aqj Xq poiueduioooo ojom saaj qoreas puoqtppB aqj, j j |s9|oj^{ ao 7fj*ui»H 



61-h p»» n-i 

:'sof| suipp Xq pajaAoa si ji tsuiiep aqi w pauoqoaui jsjg uoqnaAin aqj <n papinsai 
si yodaj qojsas |BUon?ui9im siqj 'Xno9nbasuo3 jUBOi[ddB aqi Xq ppd Xpiuq ojom saaj qauvas pooqipp* pauinbai {X 



•/soft suirap Xuvoijioads 'ppd oiom saoj qatq* joj smtvp o*oqj X(uo 
SMAOo yodaj qawas puoqBtua-jut siqi *}UB3i|ddB oqj Xq prod Xptoq aiam *aaj qaiBas pooqipp* pajtnbou »tp jo amos X|DO ■ y | j C 

-aaj pooqipp* Xa* jo 

joamXvd ajiAui 10 u pip Ajuoqwy siqi *aaj puoqippB av SuiXjasnf yojja inoqjiM paqojBos aq p[noo stopp ojqvqams |f» sy j [ X 
d|qBqamas ||B sjqaoo yodai qusas puoqBuiaiai sup *itiB3i|dd« aqi Xq ppd Xpuiq ojsm saaj qaivos pooqippe pojinbaj |p «y I I 'I 



:sa\o||oj sb 'uopBoijddB iBooovaiajDi stin 01 saoquaAut afdqpoi ponoj Xiuoqwy 8mqajB©s pooqBUiaiti] siqx 
(laatff tiiy jo z um\ J» uoftsniipaoo) 8npp*l i| uoftaaAai jo Xjftm aaaqM t nopvAJMqo || log 

*(b)^'9 ojivy jo saouaquas pJitp pus pdooas aqj qjiM aoirepjooo* en poyBjp jou an pro suirep joapuadap are Xaqj asmoaq 

:-fON«nni|3 Q £ 



:X[[B3p loads ino paureo aq too qojBas paoqBaiaiai (igStntmatn on jwqi jcaixa t» 
qons 01 sioaiuajinbaj paquosaid atn qjiM Xfdmoo )oa op jBqi uoqvoiiddB puonsujajui aqi jo sy?d o) 9jB[3J Xaqs asnvdoq 

:-so^ stuiBJD 



□ 



:XjauiBU 'Xiuoinny siq) Xq psqutss aq oj pgainbaj iou jobbui mfqns 01 aiBfaj Xaqi asnvoaq __ 

:soksoiib|o |_] i 

:suosb3J 8uimo[|OJ sift ioj (vXZ)L\ apqiy iapun suirejo iBHuao jo isodsai tn poqsi{qv)sa uaaq \ou nq yodaj (tuoi|Ba29|cn siqx 
Oaaqs ^sjij jo \ uia)t jo uopBnupuoo) aiqcqajvasan punoj »j»m stufvp af«u»o a4»qM faopBAJMqo I KO B 



C£66i/86Sn/10d 
o|si uonirofiddu |BuoqBtuaia] 



HDHV3S IVWOIXVlsraaXNI 



■9upj3B| si uonioAUi jo Ajmn *paui)B|o 8uiaq uoquoaui j dncuo »R1 °? loo si - 

j3^ai|ssojo ouiuib auai/CqiaAxoAjod b - uoqi«AU» n dnoio *<0 J° «n»«aj ivaiuqoa? fwioads aqj pint p»mrep 8ntaq uotjuaAUi 
II dnojQ aqj ui juasajd jou si • j^uijssojo inajojd b - uonuoAin j diuuo dt P )° **tqB3j fBOtaqoa* fBioods aqi aouig 

(s,03d -TO 8 JO paqoinuq joj ja^mjssoao s* aaiure |ooa*|8 
auatAqiaXfod b) n dnojS joj ajin*aj (Baiuqoai jBioads aqi tuaij saiyadojd |BOiuiaqa pt» pisitXqd si? ui Btojjip (i,03d J"* 
io poqoUBjq jo J3^W|ssojo sb inuinq|B) i dnaifl joj wmwj |Boiuqaa} (Bloods aqi asitBOoq juajagip oib H ptm i sooijt»Aiii 

:suosb»j Suimojioj oqi joj saim«9j jBaiuqoaj pnoads Suipoodsaajoo jo aunre aqi job] Xaq* *c*£| ©jny xoj 
jopun 'asnBoaq fei 3 I n tf XOd J3P«" tdaouoo 3Ant«AUi 3(8015 b q* a)B|3J iou op n pas | sdiuuo CT P*> B !! soopnoAOi oqj. 

auiuiB |oaX|8 aua(/CqjaA|od paqoaBjq pire |ooXj8 aua|AqiaA|od paqotnuq 
jo pa^ui|-ssojo b qjiA\ pajBoo (po poojq paJ b 8uisudmoo jaWBiu jo uotjisoduioa b <n OMBJp *£\ (s)mnp *\\ dnaiQ 

uiinnqB] pus |09aj2 

auajXqjaXiod Suisn sua8ijire dnoaS poojq 8uppoiq jo potpaui b pire uiunqjB pire |oaX|8 aua|XqpX|od paqoauq jo pa^m| 
-ssojs 8 qiiM pajBOo ||ao poo|q pai b Suisuduioo jajjBUi jo uoijisodiao^ b a\ umbjp *61-W P°* CI-l( s )™l° *I dn^O 

:smoi(oj sb suoauaAui a|dpjnui ponoj VSI SX M1 
ONDiDVl SVM KOIXN3AKI JO A1IMO 3S3HM SNOI1VAH3S80 II XOfl 



3Z,66t/86Sn/XOd 

'O^ UOt)B3I|ddB IBUOllBUJaiU] 



XHOJ3H HOHV3S 1 VNOIX VWH3XWI 



